Two conformational isomers of 25,27-bis(3-pyridylcarboxylate)-26,28-dihydroxy-calix[4]arene (1) in the solid were obtained from the same solution, with completely different crystal systems and space groups.
Introduction
Conformational analysis is one of the most important investigation categories in stereochemistry. The calix [4] arenes and analogues interconvert between four discrete conformations (cone, partial cone, 1,2-alternate, and 1,3-alternate) in solution. 1 Although there have been many recent studies of crystal structures and the conformational behavior of calixarenes, 2-10 separate conformers have rarely been isolated as solids. 11 Such as, Atwood et al 12 found that the conformation of 25,26,27,28-tetramethoxy-p-tert-butylcalix [4] arene is modified either to 1,2-alternate or to 1,3-alternate through complexation with different aluminum alkyl compounds. Marquez and Sessler et al 13 revealed the presence of four different macrocyclic conformations in the solid state by using different substrates. Recently, we reported that an interlocked 2-D supramolecular architecture was constructed through the synergistic intermolecular interactions of 25,27-bis(4-nitrobenzoate)-26,28-dihydroxy-calix [4] arene in the crystal, which were highly stabilized by the regular π-π and offset stacking, edge-to-face, and/or dipole-dipole interactions. 9 In order to improve our understanding of the relationship between the structure and the functional groups, we have carried out to synthesis of novel calix [4] 
Results and Discussion
Compound 1 was prepared by reaction of terthydroxycalix [4] arene and nicotinyl chloride hydrochloride in 30 % yield. The single crystals of compound 1 were obtained by diffusing methanol to dichloromethane solution of 1 at room temperature. After a few days, two types of single crystals, namely colorless and light yellow, were formed, which were suitable for single-crystal X-ray diffraction analysis. Figure 1 shows two different conformations of calix [4] arene derivative 1 in the solid state. In one of these the molecules in the colorless crystal adopt a partial cone conformation (A), in which one of the unsubstituted rings is oriented in an opposite direction. In the light yellow crystal in cone conformation (B) the arrangement is just as in the parent calix [4] arene. In cone conformation, the dihedral angles between the four phenyl rings and the mean plane of the methylene groups are 74.7°, 39.0°, 71.4° and 34.5°, respectively. These values are almost comparable with those observed for partial cone conformation (78.9°, 78.7°, and 35.0°) except for that of between the inverted phenyl unit and the mean plane of the methylene group (−102.7°). Two substituted phenyl units in cone conformation are more flattened (78.9° and 78.7° in crystal A compared to 74.7° and 71.4° in crystal B) and the so-called flattened phenyl unit (distal to the inversed phenyl unit) is slightly steeper (34.5° in crystal B to 35.0° in crystal A). The above facts with the very similar array of pyridine rings in crystal A and crystal B indicate that the differences between two crystals are brought about only through phenol rotation. However, the significant change results in remarkable distinction between two crystal systems, i.e., monoclinic, space group P2(1)/c in crystal A to triclinic, space group P-1 in crystal B. Though the cone conformation in all four conformations is not the thermodynamically most favorable one, 14 the cone conformation shape of the parent calix [4] arene molecule possessing fourfold symmetry can be maintained and stabilized by a cyclic array of intramolecular hydrogen bonds. 15 In the cone conformation of compound 1 (crystal B), O(3) atom interacts with two hydroxyl groups H in unsubstituted rings simultaneously by hydrogen bonds. In the partial cone one of 1 (crystal A), the O interacts with only one hydroxyl group H by hydrogen bond due to rotation of another phenolic ring. These results suggest that the cone conformation of 1 is stabilized by two hydrogen bonds, and the partial cone one itself is the thermodynamically most favorable one.
14 To obtain detailed information about the molecular conformations change, we recorded the evolution of the 1 H-NMR spectrum of 1 with temperature in 1:1 (v/v) deuterated methanol-dichloromethane solution. As shown in Figure 2 , the spectra in all recorded temperatures do not give obvious changes except for the peak with asterisk. One pair of double peaks 16 (8 H from the 2 pairs of CH 2 ) at 3.52-3.80 ppm demonstrates that compound 1 adopts cone conformation in the range of the temperature observed. The sharp peak of two hydroxyl groups H (asterisk) and their increasing chemical shift values (from 20°C to -60°C) suggest that there exists the hydrogen bonding interaction between hydroxyl and ether O atom in ester group, and the upfield shift with the temperature increase should be ascribed to the weak hydrogen bonding interaction at higher temperatures. Interestingly, above 25°C, the sharp single peak split into two peaks, indicating that the original environment of two same hydroxyl H atoms becomes different, and the phenolic ring with the hydroxyl group of weaker hydrogen bonding interaction maybe deflected from its original position due to its rotation. Unfortunately, the characteristic peaks of the partial cone conformation, i.e., two pairs of doublets or one pairs of doublets and one singlet peaks, 16 were not observed on the NMR timescale, which suggests that the conformation of 1 in methanol-dichloromethane solution does not change substantially in the range of the observed temperature.
Experimental Section
General Procedures. The melting points were measured by an XT-4 apparatus and are uncorrected. 1 H NMR spectra were recorded at 300 MHz in CDCl 3 solution, using tetramethylsilane as an internal reference. Elemental analyses were performed on a Perkin-Elmer 2400C instrument. temperatures. Some of the signals are assigned to the CH 2 Cl 2 (unfilled circles), to the CH 3 OH (filled circles), and to the hydroxyl group in 1 (asterisk).
The

X-ray Structure Analysis
A single crystal study was performed on a Siemens SMART CCD area detector. Crystal data and structure refinement for crystal A and crystal B of 1 are shown in Table 1 .
Supporting Information Available
Tables of bond lengths and angles for crystal A and crystal B of 1. Goodness-of-fit on F^2 0.955 1.047
